INTRODUCTION
============

Atherosclerotic changes in the carotid arteries generally reflect systemic atherosclerosis and are predictive of atherosclerotic diseases such as cerebrovascular and coronary artery disease.[@B1][@B2][@B3][@B4] Measurement of carotid intima-media thickness (IMT) by B-mode ultrasonography is an early diagnostic method of subclinical atherosclerosis and an independent predictor of myocardial infarction and stroke.[@B2][@B4][@B5][@B6][@B7][@B8]

Carotid IMT measurement by B-mode ultrasonography is easy to obtain, requires less training before application, and produces highly reproducible results; thus, this method has considerable clinical utility.[@B9][@B10][@B11][@B12] The Framingham risk score (FRS) is a widely used tool to identify asymptomatic individuals who are at risk of cardiovascular disease. Indeed, previous studies have confirmed the relationship between the FRS and carotid IMT.[@B13][@B14][@B15]

The American College of Cardiology (ACC) and the American Heart Association (AHA) developed new guidelines for cardiovascular risk assessment in 2013.[@B16] Because the FRS derived in an exclusively white sample population and has limited scope of the outcome (in determining coronary heart disease \[CHD\] alone), it was excluded from the guidelines. Rather, the Working Group derived risk equations from community-based cohorts that are broadly representative of the United States population of whites and African Americans, and focused on estimation of first, hard atherosclerotic cardiovascular disease (ASCVD) events (defined as first occurrence of nonfatal myocardial infarction, CHD death, or fatal or nonfatal stroke.[@B16] The variables in the equation of 10-year risk for ASCVD event, include age, sex, race, total cholesterol, high density lipoprotein (HDL) cholesterol, systolic blood pressure, whether the patient is undergoing treatment of hypertension or diabetes, and current smoking status.

No study has evaluated the 10-year ASCVD risk score and carotid atherosclerosis in Koreans. Therefore, we aimed to investigate the association between newly developed ASCVD risk estimation and carotid IMT.

METHODS
=======

1. Subjects
-----------

From January 2013 to December 2014, 7,673 adults visited the Health Promotion Center of the Eulji General Hospital in Seoul, Korea. Among them, 206 adults underwent carotid ultrasound: 201 patients were included in the analysis and five patients who had known cardiovascular disease (myocardial infarction or stroke) were excluded.

2. Clinical Examination and Blood Assays
----------------------------------------

Lifestyle and medical history were recorded by self-administrated questionnaires. With regard to smoking status, participants were classified as non-smokers or current smokers. We collected medical history, including hypertension, diabetes mellitus, and use of lipid lowering therapy.

Height and weight were measured using an automatic digital stadiometer. Body mass index was calculated as weight in kilograms divided by height in meters squared. Blood pressure (BP) measurements were performed with an automated sphygmomanometer, with the participants seated. Blood samples were obtained after the participants had fasted for ≥8 hours. The laboratory tests included total cholesterol, triglyceride, HDL cholesterol, low density lipoprotein (LDL) cholesterol, and fasting glucose levels.

3. Measurement of Carotid Intima-Media Thickness
------------------------------------------------

The same, trained sonographer ultrasonically evaluated the carotid artery using an 8 MHz linear array transducer (HP Sonos-5500; Philips Medical Systems, Andover, MA, USA) after the participant had been resting in the supine position for 15 minutes. Carotid IMT was measured using semi-automatic IMT measurement software (M\'ATH software, version 2.01; METRIS Co., Argenteuil, France) on a computer.

The IMT was measured 2 cm proximal to the carotid bifurcation along at least 1 cm of axial length, and then an automated edge-detection algorithm quantified the IMT as the distance between the lumen-intima interface and the media-adventitia interface. The maximal and mean values of the right and left carotid IMTs were used for the analysis. A plaque was defined as a localized protrusion into the vessel lumen with thickening of the vessel wall of \>50% compared to either the adjacent IMT or an IMT thickness of more than 1.5 mm. Carotid injury was considered to be present when either the maximum carotid IMT was greater than 0.9 mm or carotid plaques were detected.[@B17]

4. Estimation of 10-Year Atherosclerotic Cardiovascular Disease Risk Score and 10-Year Atherosclerotic Cardiovascular Disease Risk Stratification
-------------------------------------------------------------------------------------------------------------------------------------------------

The 10-year ASCVD risk score was calculated by the Pooled Cohort Equations for non-Hispanic whites, which included age, sex, total cholesterol level, HDL cholesterol, systolic BP (using different coefficients, depending on whether or not the individual was treated for hypertension), current smoking status, and the presence or absence of diabetes mellitus. These allowed us to stratify the study samples into two groups: those with low 10-year ASCVD risk group (10-year ASCVD risk score \<7.5%) and those with high 10-year ASCVD risk group (10-year ASCVD risk score ≥7.5% or those with diabetes mellitus).[@B16][@B18]

5. Statistical Analysis
-----------------------

All data were presented in the form of mean and standard deviation for all quantitative variables, or frequency and percentage for all qualitative variables. Participants were divided by sex into two groups. T-tests and chi-square tests were performed to compare the two groups. Pearson correlation analyses were used to evaluate associations between carotid IMT and 10-year ASCVD risk score for total participants and for each gender. Chi-square tests were used to evaluate associations between the high 10-year ASCVD risk group and either the high carotid IMT group or the carotid injury group, for total participants. Logistic regression analyses were performed to determine whether the carotid injury was associated with the ASCVD risk score and with other variables that are not included within the equation of 10-year risk for ASCVD score.10-year ASCVD risk score, glucose levels, and triglycerides were logtransformed because they were not normally distributed.

All analyses were two-tailed and P\<0.05 was considered statistically significant. Statistical analyses were performed using the PASW SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The number of total participants was 201, 144 were men and 57 were women. BMI, waist circumference, triglycerides, and fasting glucose levels were significantly higher among men than they were among women. HDL cholesterol levels were significantly higher in women than they were in men. Men had higher 10-year ASCVD risk score than did women (7.15±6.04 vs. 2.53±3.67, P\<0.001) ([Table 1](#T1){ref-type="table"}).

[Table 2](#T2){ref-type="table"} shows the correlations between carotid IMT and 10-year ASCVD risk score. Among all participants, 10-year ASCVD risk was significantly correlated with right maximum carotid IMT (r=0.307), left maximum carotid IMT (r=0.230), right mean carotid IMT (r=0.322), and left mean carotid IMT (r=0.264). Among men, the right maximum carotid IMT (r=0.310), left maximum carotid IMT (r=0.270), right mean carotid IMT (r=0.325), and left mean carotid IMT (r=0.286) were significantly correlated with 10-year ASCVD risk score. In women, the carotid IMT was not correlated with 10-year ASCVD risk score.

[Table 3](#T3){ref-type="table"} shows that there was association between high carotid IMT and 10-year ASCVD risk score. However, the carotid injury group was significantly associated with the high 10-year ASCVD risk group (odds ratio \[OR\], 2.201; 95% confidence interval \[CI\], 1.162-4.1706; P=0.019).

Logistic regression analyses for carotid injury were performed with 10-year ASCVD risk score (ln), BMI, waist circumference, diastolic blood pressure, LDL cholesterol, lipid-lowering therapy, fasting glucose level (ln), and triglycerides (ln). Among these variables, only the 10-year ASCVD risk score (ln) was significantly associated with carotid injury (OR, 4.104; 95% CI, 1.570-10.729) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

In recent ACC/AHA guidelines, a new ASCVD risk calculator was developed to quantitatively predict the ASCVD and to determine whether to prescribe anti-dyslipidemic agents.[@B16] In these guidelines, recommendations were made for the additional measurement of carotid ultrasound, high-sensitivity Creactive protein, ankle-brachial index, coronary artery calcium scoring, aortic pulse wave velocity, and circulating levels of lipoprotein.[@B16] This additional information may be especially useful to refine risk estimates for patients at intermediate risk of ASCVD.[@B19][@B20]

Previous studies demonstrated an association between the carotid IMT and either the FRS or the 10-year coronary heart disease risk.[@B13][@B14][@B15][@B19] Several additional studies showed carotid IMT to be a strong predictor of cardiovascular disease.[@B21][@B22][@B23][@B24] A recent study demonstrated that carotid IMT correlated with the new 10-year ASCVD risk score, in South Asians.[@B18]

In the present study, we assessed the association between subclinical carotid atherosclerosis and 10-year ASCVD risk score in Koreans. Our results show that 10-year ASCVD risk score was significantly associated with carotid IMT in Korean people without known cardiovascular disease.

Moreover, the presence of plaque appears to be the major criterion for predicting high risk of cardiovascular disease. A meta-analysis of 11 population-based studies that included 54,336 subjects found that carotid plaque, was more strongly associated with incident CHD than was carotid IMT.[@B25] In the ARIC study of 13,145 participants with a mean follow-up period of 15.1 years, the addition of both plaque and common carotid artery IMT measurements to conventional risk factors improved the accuracy of risk stratification.[@B7]

In our study, the high 10-year ASCVD risk group had no significant association with the high carotid IMT group but had significant association with the carotid injury group (carotid IMT ≥0.9 mm, or presence of plaque). The association between presence of carotid injury and high 10-year ASCVD risk score validates this algorithm as a more accurate predictor of cardiovascular disease. Furthermore, these results suggest that using both carotid IMT measurement and B-mode ultrasonography detection of carotid plaque may be useful tools for refining CVD risk assessment.

This study has several limitations. As shown in [Table 2](#T2){ref-type="table"}, carotid IMT thickness and 10-year ASCVD risk score have no statistical correlation among women, which may be explained by the lack of consideration of other factors, such as hormonal status.[@B26][@B27][@B28] In addition, the small sample size of the group of women most likely affected the results; therefore, further study with a larger cohort, which incorporates additional factors, such as menopausal status, is required.

ASCVD risk assessment, which was based on pooled cohort data from longitudinal, community-based, epidemiological cohort studies, is applicable for African-Americans, and non-Hispanic whites.[@B16][@B29] Therefore, ASCVD risk assessment with the ACC/AHA 10-year ASVCD risk score allows limited interpretation for Koreans, and suggests that future studies are needed in order to be able to apply the risk score in this population.

The cutoff value for carotid IMT in the Korean population is not yet established. Therefore, in this study, carotid injury was defined as outlined in the European Guidelines (version 2012).[@B17] Additional studies are required to determine appropriate cutoff values of carotid IMT for Korean patients.

Despite these limitations, our study shows that the new ACC/AHA 10-year ASVCD risk score was associated with subclinical atherosclerosis, demonstrated by carotid IMT and injury, in Koreans. Our finding suggest that clinicians may use the measurement of carotid IMT thickness and the detection of plaque by B-mode ultrasonography to monitor 10-year ASCVD risk with conventional risk factors, especially in patients at intermediate risk of ASCVD (e.g., 10-year ASCVD risk score of 5%-7.5%).[@B16]

In conclusion, carotid IMT and injury were significantly associated with the newly developed ASCVD risk score in Koreans.
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###### Baseline characteristics of study participants
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Values are presented as mean±standard deviation or number (%). Data were analyzed by independent t-tests and chi-square tests.

CIMT, carotid intima-media thickness.

###### Correlations between 10-year atherosclerotic cardiovascular disease risk score and variables including CIMT thickness
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Values are presented as correlation coefficient by Pearson correlation analysis.

CIMT, carotid intima-media thickness.

^\*^P\<0.05. ^\*\*^P\<0.01.

###### Comparison of ASCVD risk groups according to the carotid IMT groups and carotid injury
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Values are presented as number (%). Data were analyzed by chi-square test.

ASCVD, atherosclerotic cardiovascular disease; IMT, intima media thickness; OR, odds ratio; CI, confidence interval.

###### Multivariate logistic regression analyses for carotid injury
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